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1.0  ABSTRACT 

Estimated  low  speed  stability  aid  control  characteristics  of  Douglas 
Model  XF4D-1  airplane  are  presented  in  this  report.  Based  on  analysis 
of  wind  tunnel  tests  conducted  on  the  latest  configuration,  the  flying 
qualities  are  summarized  below.  The  conclusions  presented  below  may 
be  considered  applicable  up  to  a Mach  number  of  0.8  since  Mach  number 
effects  are  known  to  be  minor  up  to  that  speed. 

FLYING  QUALITY 

REMARKS 

I 1.  Static  Stick  Fixed  Longi- 

j tudinal  Stability. 

Satisfactory  over  low  speed  range 
for  an  aft  CG  of  25<  MAC.  Minimum 
of  5*  static  margin  maintained  for 
all  speeds  at  which  Mach  number 
effects  are  negligible. 

I 2.  Static  Stick  Free  Langi- 

I tudinal  Stability. 

Satisfactory  during  normal  control 
conditions  and  emergency  control 
conditions. 

3.  Trim  Change  Characteristics 

Excellent . 

1 4.  Dynamic  Longitudinal 

I Stability 

Damping  of  short  period  oscillation 
does  not  meet  requirements  of  SR  119-B. 
Control  system  should  be  designed  so 
that  artificial  damping  can  be 
added  if  necessary* 

5.  Slava tor  Control  Fowar 

Satisfactory.  Hold-off  1.05 
satisfactory  for  C.G.  at  22%  UAC, 
gear  down.  Nose-wheel  lift-off  can 
be  effected  at  90%  of  the  minimum 
take-off  speed  with  C.G.  at  22/t  MAC* 

1 6.  Elevator  Control  Forces 

Normal  Control  Configuration!  Satis- 
factory. 

Emergency  Control  Configuration i 
Satisfactory  during  unaccelerated 
flight  conditions.  Stick  force  per 
• gii  variation  unavbidab’.y  high  during 
turns  and  pull-ups  above  200  knots. 

1 7.  Static  Directional  Stability 

Satisfactory.  Adverse  yaw  within 
requirements.  Minimum  - .CX3110. 

1 8.  Rudder  Control  Power 

Satisfactory. 
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9.  Ruddor  Forces 


10.  Dihedral  Effect 


11.  Dynamic  Lateral  Stability 


12.  Lateral  control 

13.  Aileron  Forces 


14.  Stalling  Characteristics 


Satisfactory  for.  airplane  with  no 
yaw-damper.  Unknown  as  yet  with 
yaw-damper 'installed. 

Satisfactory  but  marginally  high, 
stick  fixed  and  stick  free.  No 
rolling  Telocity  reversal, 

Marginal  with  no  artificial  damping. 
Characteristics  with  rate-gyro 
installed  estimated  to  be  satis- 
factory. 

Excellent , 

Satisfactory  for  both  normal  and 
emergency  conditions  over  low  speed 
flight  range. 

Satisfactory  with  nose-slats. 
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3.0  COEFFICITJNTS  AND  SYMBOLS 

CL 

L 

Lift  coefficient, 

CD 

D 

Drag  coefficient,  “n 

<1 

Cffl 

n 

Pitching  moment  coefficient  about  quarter  chord 
point  of  wing  mean  aerodynamic  chord,  qBnr 

C/ 

p 

Rolling  moment  coefficient,  atability  axes,  -^STT 

Cn 

N 

Tawing  moment  coefficient, 

' 0 

cCfCr 

Side  force  coefficient,  stability  axes, 

c*e 

BH 

Hinge  moment  coefficient,  

Q ®e^e 

Ch6r 

Variation  of  rudder  hinge  moment  coefficient  with  rudder  deflection 

C/P 

Rolling  moment  due  to  rolling  velocity 

C/R 

Rolling  moment  due  to  yawing  Telocity 

C°P 

Yawing  moment  due  to  rolling  velocity 

Cqr 

Yawing  moment  due  to  yawing  velocity 

°Yp 

Side  force  due  to  rolling  velocity 

<*r 

Side  force  due  to  yawing  velocity 

°nA 

Yawing  moment  due  to  Bideslip  angle 

Rolling  moment  due  to  sideslip  angle 

°Y/9 

Side  force  due  to  sideslip  angle 

C^a 

Lift  curve  slope 

°Da 

Variation  of  drag  coefficient  with  angle  of  attack 

d Cjj 

Variation  of  pitching  moment  coefficient  with  lift  coefficient 

wWF^MTKT 


if 
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to 


c 


9CL 

86. 

8Cn 

86e 

cmq 


% 


Variation  of  lift  coefficient  with  elevon  deflection 

Variation  of  pitching  moment  coefficient  with  elevon 
deflection 

Pitching  moment  due  to  pitching  velocity 

Angle  of  attack  of  principal  longitudinal  axis  of  airplane, 
positive  when  principal  axis  ia  above  flight  path  at  the  noee, 
degrees 

Radius  of  gyration  in  roll  about  principal  longitudinal  axis, 
feet 

Radius  of  gyration  in  pitch  about  principal  lateral  axis,  feet 
Radius  of  gyration  in  yaw  about  principal  normal  axis,  feet 


Moment -of -inertia  coefficient  about  principal  longitudinal 
axis 


xX7 

m 

P - 

R « — 


qbS 

Moment  of  inertia  coefficient  about  principal  lateral  exia, 
akyQ2 
qSb 

Moment -of -inertia  coefficient  about  principal  normal  axis 
qbS 

Moment-of -inertia  coefficient  about  flight-path  axis 

^Xo  + IZ0 

Moment-of-lnertla  coefficient  about  curls  normal  to  flight 
path  (i7<j  cos2t)  v 1^  sin2q) 

Product-of-inertia  coefficient  with  respect  to  flight-path 
axis  and  axis  normal  to  flight  path 

C ” l*z0  " IXG)  00s  tO 

w 

Airplane  maes  - — 

p » rolling  Telocity,  rad/sec. 

**  where  r " yawing  velocity,  rsd/sec. 
b « wing  span,  feet 

~ V « velocity,  feet  per  see, 
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4.0  INTRODUCTION 


*u*BarlzeB  low  speed  stability  and  control  characteristic* 
or  the  final  pre-flight- test  configuration  of  Douglas  KOdel  XF4D-1.  It 
is  submitted  to  show  expected  low  speed  flying  qualities  in  comparison 
with  requirements  of  Bureau  of  Aeronautics  Specification  SR119-B. 

Since  References  was  submitted,  numerous  changes  in  the  configuration 
of  the  airplane  made  it  advisable  to  verify  estimated  stability  and 
controx  characteristics  with  wind  tunnel  tests  of  the  up-to-date  con- 
figuration. These  teats  were  accomplished  in  two  phases:  low  speed 

tests  completed  at  Cuggenheim  Aeronautical  Laboratory,  Californio 
Institute  of  Technology  in  July,  1949  and  presented  in  Reference  l . 

tr^‘8^niC  te8t8  completed  at  the  Southern  Colifornia  Cooper- 

ative Wad  Tunnel  in  July,  1949  and  presented  in  Reference  2 . 

Changes  in  the  design  of  the  airplane  that  have  been  incorporated  into 
the  final  configuration  and  which  effeot  stability  and  control  are: 

1.  Change  in  shape  and  size  of  the  fuselage 

2.  Decrease  in  chord  of  the  elevons  from  40"  to  26" 
parallel  to  wind  stream 

3.  Change  in  span-wise  division  between  inboard  and 
outboard  portions  of  the  elevon 

4.  Increase  in  total  lateral  deflection  of  the  elevons 
from  1 15  0 to  X 20° 

5.  Addition  of  auxiliary  pitch  trimmers  located  inboard 
of  elevons  to  compensate  the  decrease  in  elevon 
chord 

Items  2,  3,  4,  and  5 were  decided  upon  in  an  effort  to  improve  the 
boost  out"  control  characteristics  of  the  airplane.  It  is  believed 
this  program  has  been  largely  successful. 

In  general,  results  of  the  low  speed  analysis  are  presented  for  two 
control  operating  configurations;  normal  operating  condition  and  emergency 
operating  condition.  Under  normal  operating  oonditiona,  calculations 
take  into  account  the  following  conditioner 

1.  The  control  surfaces  are  actuated  by  an  irreversible  power 
system.  There  is  no  force  feed-back  from  the  control 
surfaces  to  the  pilot. 

2.  The  inboard  and  outboard  elevons  are  inter-connected  and 
act  symmetrically  as  elevators  and  asymmetrically  as 
ailerons. 
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3*  Stick  forces  are  simulated  both  longitudinally  and 
laterally  by  s force  feel  device  whoso  force  output 
as  measured  at  the  top  of  the  stick  is  F_  ■ .009  Se 

longitudinally,  and  Fe  - .0053  *«per  sl<Je<lc  laterally. 

Tfc.o  effect  of  the  gearing  ratio  is  included  in  the 
constants  .009  and  .0053* 

For  emergency  control  operation, calculations  were  made  using  the 
following  control  characteristics  and  restrictions: 

1.  Primary  longitudinal  and  lateral  control  obtained  from 
outboard  elevons  only,  which  are  connected  directly 
to  tho  stick.  The  inboard  elevons  are  free  floating. 


2. 


Longitudinal  and  lateral  etlck  forces  are  obtained  from 
the  aerodynamic  hinge-moment  of  the  outboard  surfaces. 
The  control  stick  has  been  lengthened  to  increase  the 
gearing  ratio,  . d^e  \,  to  .25  rad/ft.  longitudinally 

1 W 1 


and  .40  rad/ft.  laterally.  The  artificial  force  feel 
system  is  disconnected. 


3.  The  longitudinal  trimmer  may  be  positioned  to  any 
angle  between  zero  and  30°  trailing  edge  up. 


The  estimated  final  center  of  gravity  range  is  22<  MAC  maximum  forward 
and  25%  VAC  maximum  aft.  When  applicable,  calculations  have  been  made 
for  these  two  C.G.  positions. 


A summary  of  the  high  speed  stability  and  control  characteristics  will 
be  presented  in  the  forthcoming  Fart  II  of  this  report. 
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5.0  PHYSICAL  CHARACTERISTICS  07  MODEL  XF4D-1 


The  Douglas  Model  XF4D-1  la  t single  place,  low  aspect 
ratio,  swept -wing,  tailless,  interceptor  type  airplane 
powered  by  a restinghouse  XJ40-WB-8  Jet  engine  equipped 
for  afterburning.  Primary  longitudinal  and  lateral 
control  is  accomplished  by  use  of  differentially  acting 
elevons  located  along  the  trailing  edge  of  either  wing. 
Additional  longitudinal  control  may  be  obtained  from 
trimmers  located  Inboard  of  the  elevons.  Directional 
stability  and  control  is  obtained  from  a single  vertical 
surface  lying  in  the  plane  of  symmetry.  An  extendable 
slat  is  located  along  the  leading  edge  of  the  wing  to 
improve  stall  characteristics  and  Increase  maximum  lift. 

Due  to  the  unusually  large  angles  of  attack  required  for 
take-off  end  iandlng,  a tall  wheel  is  added  to  the  tricycle 
type  under-carriage. 

Diagrams  of  the  XF4D-1  three-view  layout,  wing,  and 
vertical  tail  are  shown  in  Figures  l,2and  3,  and  its 
physical  dimensions  are  given  in  Table  1. 
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TABLE  1 


PHYSICAL  CHARACTERISTICS  OF  DOUGLAS  VO  DEL  7F4D-1 


Component  Part 


Units 


Dimension 


Engine 


Wing 


Airfoil  Designation 
Root  Section 
Tip  Section 
Area 
Span 

Aspect  Ratio 
Taper  Ratio 
MAC 

Diet  to  VAC 
Sweepback  of  LE. 
Dihedral 
Twist 


Lift  Increasing  DeTloe 

Nose  Slate 
Type 
Span 

Chord  (Parallel  to  FRL) 


Longitudinal  and  Lateral  Control  Derlces 
Elerons 

Inboard  ♦ Outboard 

Area  Aft  1 (one  side)  sq.ft 

Root  Mean  Square  Chord  ft. 

Span  (percent  Wing  Span) 

Deflection  (Perpendicular  to 

Pitch  deg. 

Lateral  deg. 

Inboard 

Area  Aft  (one  aide)  I sq.ft 

Root  Kean  Square  Chord  | ft. 

Span  (percent  Wing  Span)  Xb* 

Outboard 

Area  “Aft  tt  (00®  side)  sq.ft 

Root  Mean  Square  Chord  ft. 

Span  (percent  Wing  Span)  | 


Meetinghouse  XJ40  - WE  - 6 


NACA  0007-63/30  - 9.5°  Mod. 
NACA  0004.5-63/30  - 9.5°  Mod, 


sq.ft . 

557 

ft. 

33.5 

2.02 

«... 

.332 

ft. 

18.25 

ft. 

6.85 

deg. 

52,5 

deg. 

0 

deg. 

0 

Automatic 

*bw 

54.2 

*Cw 

12.68 

22.57 

2.07 

66.7 

15°  Up  to  10°  Down 
20 

8.76 

2.16 

24.2 

13.81 

2.01 

42.5 
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Component  Part 

Longitudinal  Trimmer 

Area  Aft  & (one  aide) 

Root  Kean  Square  Chord 
Span  (percent  Ning  Span) 
Deflection  (Perpendicular  to 
Hinge  Line) 

Vertical  Surface 


Airfoil  Designation 
Root  Section 
Tip  Section 
Area 
Span 

Aspect  Ratio 
Taper  Ratio 

MAC 

Tail  Length  (0.25  t, 


- 0.25  tT) 


Rudder 


Area 
Span  . 

Root  Mean  Square  Chord 
Deflection  (Parallel  to  ERL) 

Gearing  Ratios  (Stick  length  to  center 
of  hand  “ 10"  normal  & 
18"  emergency) 

Elevons 

Longitudinal 

Normal 

Emergency 

Lateral 

Normal 

Emergency 

Rudder 

Normal  


Units 

sq.ft. 

ft. 


Dimension 


sq.ft. 

ft. 


Sq.ft, 

ft. 

ft. 

deg. 


o,  -30 


NACA  0008  - 63/30 
NACA  0006  - 63/30 
47.7 
7.58 
1.20 
.331 
6.86 
13.51 


12.7 
6.08 
2.18 
♦ 25 


rad. /ft. 

.449 

rad ,/ft. 

.25 

rad. /ft. 

.718 

rad. /ft. 

.400 

rad  ,/ft. 

1.7 
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6.0  CONTROL  SYSTEM  DESIGN  CHARACTER ISTICS 


6,1  General  Description 

Longitudinal  and  lateral  control  are  accomplished  by  elevens  which 
travel  i.  20°  as  ailerons  and  15°  ^P  and  10  down  as  elevators.  In 
addition,a  trimmer  is  proYided  Inboard  of  the  elevons  for  the  purpose 
of  Increasing  longitudinal  control  in  a normal  take-off  or  landing 
and  furnishing  a means  of  emergency  longitudinal  trim. 

Elewon  actuation  may  be  obtained  in  three  ways.  Under  normal  conditions 
the  eleYons  are  operated  by  an  irreversible  hydraulic  power  system  that 
is  independent  of  the  airplane's  hydraulic  system  and  is  so  designed 
that  an  average  rate  of  control  deflection  of  50  degrees  per  second 
may  be  obtained.  If  the  power  source  of  this  independent  hydraulic 
system  fails,  the  aircraft's  hydraulic  system  will  supply  power  for 
control  actuation,  but  at  an  average  rate  of  only  20  degrees  per  second. 
Should  ell  hydraulic  power  available  for  control  actuation  fall,  a 
Manual  control  system  is  available.  In  this  case  the  pilot  is  con- 
nected direotly  to  the  outboard  control  surfaces  (which  may  be  used 
for  both  lateral  and  longitudinal^ control ) , but  the  inboard  elevens 
are  free  to  float* 

The  general  arrangement  of  the  controls  is  shown  bjr  the  sketch  below. 
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6.2  Normal  Operating  Characteristics 
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Normally  the  elevons  act  together  symmetrically  for  elevator  control  and 
asymmetrically  for  lateral  control.  The  elevons  are  actuated  by  hydraulic 
power  units  with  no  feed-back  of  aerodynamic  forces  to  the  pilot.  Arti- 
ficial feel  will  be  provided  by  a device  arranged  to  provide  forces 
approximately  proportional  to  stick  displacement.  The  constant  of  pro- 
portionality between  stick  force  and  stick  displacement  will  vary  approxi- 
mately with  dynamic  pressure  up  to  a value  of  "q"  corresponding  to  about 
M ■ ,9  at  S.L.  From  this  "q"  to  higher  values  the  stick  force  gradient 
will  remain  constant.  Trim  will  be  accomplished  by  adjusting  the  force- 
feel  system  to  zero  ftick  force. 


The  longitudinal  trimmer  provides  additional  control  for  take-off  and 
landing  under  normal  operation,  to  increase  the  load  factor  that  can  be 
attained  at  high  altitudes,  and  to  serve  as  an  emergency  pull-out  devioe 
if  the  power  system  fails  in  a dive.  The  trimmer  is  to  be  used  also  for 
longitudinal  stick-force  trim  when  operating  on  manual  control.  The 
trimmer  will  be  actuated  by  a separate  lever  in  the  cockpit  end  can  be 
positioned  when  the  landing  gear  is  down  or  the  hydraulic  power  system 
is  inoperative.  If  the  hydraulic  system  is  operating  with  the  gear 
retracted,  the  trimmer  will  return  to  neutral  upon  release  of  its  control. 
The  purpose  of  this  type  of  control  is  to  prevent  the  trimmer  and  elevons 
from  being  operated  against  each  other  in  normal  flight. 

Lateral  stick  force  also  will  be  proportional  to  elevon  displacement  and 
q.  The  maximum  elevon  displacement  will  be  limited  by  the  hydraulic 
pressure  which  will  be  a function  of  Kech  number  as  shown  below. 
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This  hydraulic  pressure  variation  has  been  00  chosen  that  the  xaaximu* 
el ©von  angle  nerer  exceeds  the  maximum  allowable  elevon  angle,  con- 
sidering the  structural  strength  of  the  wing  in  torque,  Oansequhtly 
the  maximum  deflection  of  the  elevons  as  ailerons  is  a function  of  the 
deflection  of  the  elerons  aa  elevators.  At  a load  factor  of  6 and 
high  indicated  speeds  the  maximum  aileron  angle  is  less  than  at  a load 
factor  of  one. 

6.3  Emergency  Control  Operation 

The  change-over  froa  power  operation  of  the  control  surfaces  to  manual 
control  will  be  automatic  in  the  case  of  a hydraulic  power  failure. 
Immediately  after  failure,  providing  the  hinge  moment  is  above  a selected 
value,  the  control  surface  will  remain  irreversible  because  the  fluid 
in  the  elevon  actuating  cylinders  will  be  trapped,  (neglecting  leakage 
throughout  the  system),  by  a check  valve.  The  force-feel  system  is 
automatically  disconnected  at  the  time  of  hydraulic  power  failure.  If 
the  hinge  moment  of  the  elevon  is  reduced  below  this  selected  value, 
the  check  valve  will  open  and  automatically  free  the  inner  elevons. 

The  outer  elevons  are  still  directly  connected  to  the  stick.  In  order 
to  increase  the  mechanical  advantuge  of  the  gearing  system,  means  are 
provided  for  lengthening  the  control  stick.  For  training  purposes  or 
if  a failure  occurs  that  allows  the  fluid  in  the  cylinder  to  move  freely, 
the  pilot  has  a switch  to  shut  off  the  hydraulic  system  and  place  him 
im  manual  control  as  above. 
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7.0  CFPTH?  CF  GRAVITY  TRENDS 


Since  the  XF4P-1  is  no w in  the  process  of  design,  it 
is  impossible  to  predict  accurately  the  final  maximum 
forward  and  aft  center  of  gravity  limits*  Previous 
onalysis  has  shown  that  the  difference  between  the 
maximum  forward  C.G.  with  gear  and  elate  extended  and 
the  maximum  aft  C.G.  with  gear  and  elate  retracted  ie 
3^  MAC.  Using  this  difference  ae  a base,  it  ie  be- 
lieved the  final  center  of  gravity  range  for  the 
conditions  specified  will  be  near  2 2^  VAC  to  25^  MAC. 
Calculations  in  thie  report  are  based  on  this 
assumption. 

As  further  discussion  will  indicate,  it  will  be 
necessary  to  restrict  the  center  of  gravity  range 
to  the  values  mentioned  above.  If  final  weight  and 
balance  figures  reveal  the  C.G.  travel  to  be  farther 
forward  or  aft  along  the  maan  aerodynamic  chord, 
ballast  will  have  to  be  used  to  bring  the  limits  into 
the  desired  range. 
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8.0  DISCUSSION 


8.1  Longitudinal  Characteristics 


8.1.1  static  Longitudinal  Stability 

Tri—a,  .tick-m.4 

g#l#2  Dynamic  Longitudinal  stability. 

f'lnce  the  XF4D-1  airplane  has  no  i^^ompared  with  oon- 

daeping  of  the  longltud^oicilletlon. ■ (Referenc.  5 ) , that  Terl- 

▼entlonal  airplanes.  Calc^®^1  chanMa  In  airplane  configuration  and 
find  these  expectations*  Ssxeral  0 . peferencs  5 was  published 

ln«rtl«  characteristic.  ®®^“  Theca  changes  era  an  Increased 

length , which  reduce  d=a  , and  .»  lacr.aa.4  -*«  of 
mass  and  aerodynamic  parameters  used  In 


TABLE  2 


50MIARY  OF  PARAJfTT^S  USED  IN  DYNAVIC 


Cl 

cross  Wslgbt>  Lbs 
Inertia  Id  Fitch 
{Slog  Ft.2* 

c_ 

* K 

Ct  (per  fled.l 

L<iC 

cm  ^ per  * ) 

L 


J±  X V — 

T 1 

.550 

.275 

16B21 

16621 

31500 

31500 

ft 

• 

u* 

0 

-.50 

2.&1 

2.61 

-.315 

-.229 

.150 

.071 

16621 

16821 

31500  1 

31500 

-.50 

-.50 

2.61 

2.61 

- .143 

1 -.129 
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A sujsaary  of  the  damping  characteristics  is  presented  in  Figure  5 . 

This  graph  was  plotted  with  a and  /3  as  coordinates  to  p erait  showing 
the  relative  value  of  the  damping  of  the  oscillatioa  by  drawing  lines 
corresponding  to  th*  time  required  for  the  oscillation  t0  d*5*; 

1/2  or  1/10  the  initial  value.  Damping  is  marginal  for  all  lift  oosr- 
fleients  at  sea  level,  and  becomes  worse  as  altitude  increases,  though 
the  airplane  will  always  damp  to  l/2  amplitude  in  one  cycle  or  less. 

It  is  doubtful  if  any  aerodynamic  means  can  be  found  to  substantially 

increase  damping  in  pitch.  Reference  3 points  out  that  it  is 

to  change  C^,  Cn  , or  the  inertia  in  pitch  enough  to  materially  improve 

the  situation.  Should  flight  tests  verify  the  low  damping,  use  of  a 
rate-gyro,  actuating  the  elevons  to  oppose  the  short  period  longitudinal 
oscillation,  seems  to  be  the  logical  solution. 

8.1.3  Longitudinal  Control 

8.1. 3.1  Normal  Control  Configuration 

8.1. 3.1.1  Maximum  Lift  Characteristics 

The  final  configuration  of  model  XF4D-1  is  equipped  with  26" 
chord  elevons  from  which  primary  nitoh  control  is  obtained. 

Pitch  control  may  be  augmented  when  necessary, 

take-off  and  landing,  by  longitudinal  trimere  located  lnb°ard 

of  the  elevons.  Sinoe  preliminary  <*•!&  of  the 

40"  chord  elevons,  the  maxisnm  lift  coefficient  to  which  the 

airplane  oan  be  trimmed  in  normal  flight,  (trimmers  faired), 

is  lower  than  the  values  quoted  in  previous  reports. 

Figure  6 shows  trimmed  lift  curves  and  Se  versus  CL  for  two 
center  of  gravity  positions.  The  airplane  is  dean  ®nd  8 

in  a region  of  no  ground  effect.  Under  these  conditions  the 
trimmer  setting  is  zero  degrees* 

TThen  the  gear  is  down,  the  pilot  can  position  the 

angle  between  zero  and  3Q  degrees  trailing  edge ' 

shows  trimmed  lift  curves  and  CL  versus  Se  for  the  trimmer  ful  7 

defleoted  andfaired.  Gear  and  slats  are  extended  and  there  is 

no  ground  effect . 

During  take-off  and  landing,  the  trimmer  should  be  ^lly  d®*X®°*®d 
to  obtain  minimum  take-off  and  landing  speeds.  Curves  of 
C^  versuc  a and  Se  are  shown  in  Figure  8 . These  include  ground 

effect. 

Maximum  trimed  lift  coefficients  for  the  above  mentioned  con- 
dition are  summarized  in  the  following  table.  . \ 
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TABLE  3 


Flight  Condition  and 
Airplane  Configuration 

Maximum  Trimmed  C. _ 

CG-25*  MAC 

CQ-22*  MAC 

Flats  and  Gear  Retracted, 

No  Ground  Effect,  <5  e ■ -15°. ®N  “ 0 

.610 

.506 

Slat*  and  Gear  Extended, 

No  Ground  Effect,  - -15°, * 0 

.647 

.510 

Slate  and  Gear  Extended, 

No  Ground  Effect  , Se  • -15°#^n  ■ -30 

“ — — 

.830 

Slats  and  Gear  Extended  in 

.955 

.795 

Freaence  of  Ground,  Sm  - -15°#  &n  * "30° 

1 

Maximum  lift  coefficient  and  angle  of  attack  obtained  In  presence 
of  the  ground  is  shown  in  Figure  9 ®b  a function  of  center  of 
gravity  position. 

8. 1.3. 1.2  Effect  of  Trimmer  Toeitlon  on  Elevon  Position  and  Stick 
Forces  Required  for  Landing 

Elevon  position  and  stick  force  required  to  trim  versus  indicated  air 
speed  are  shown  for  two  trimmer  positions  in  Figures  10  and  11  . For 
a given  speed,  increasing  the  trimmer  deflection  requires  reducing 
the  elevon  deflection  to  maintain  trim.  Thus,  minimum  landing  speeds 
are  obtained  when  the  t rimer  is  fully  up.  The  slope  of  the  elevon 
angle  versus  Indicated  airspeed  curve  is  stable,  an  up  deflection 
being  required  to  reduce  speed,  and  thus  satisfies  stick  fixed  static 
stability  requirements. 

Stick  forces  associated  with  various  elevon  positions  are  supplied 
by  a device  giving  forces  proportional  to  dynamic  pressure  and 
elevon  deflection.  Force  trim  is  accomplished  by  altering  the  zero 
force  position  of  the  stick  until  zero  force  corresponds  to  the 
stick  position  required  for  trim.  The  angle  at  which  the  trimmer  is 
set  will  have  little  effect  on  stick  force  required  to  trim  provided 
the  force  is  reduced  to  zero  at  the  same  airspeed  for  various  trimmer 
angles.  This  may  be  explained  by  the  fact  that  no  matter  where  the 
trimmer  is  set,  if  the  trim  force  is  reduced  to  zero  at  a constant 
speed,  the  amount  of  change  of  elevon  deflection  required  to  produce 
a given  speed  change  is  essentially  constant.  In  FigureslO  and  11 
the  force  is  trimmed  to  zero  at  1.4  times  the  stalling  speed  foi 
both  trimmer  deflections  shown. 
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Sine©  it  is  necessary  to  have  reasonable  stick  force  characteristice 
at  high  speeds,  the  landing  forces  are  light  because  of  low  values 
of  q. 

A curve  of  elevon  angle  required  to  hold  the  airplane  off  the  ground 
at  1.05  times  the  stalling  speed  versus  center  of  gravity  position 
is  shown  in  Figure  12.  The  elevons  are  sufficiently  powerful  to 
meet  the  requirements  of  Reference  4-  to  a forward  center  of  gravity 
position  of  21.63  VAC. 

8. 1.3. 1.3  gtlck  •s'orce  Characterlstl ca  During  Accelerated  Flight 

Flevon  position  and  stick  force  versus  load  factor  for  various  lift 
coefficients  are  shown  in  Figures  13  and  14  for  C.G.  positions  of 
25^  MAC  and  223  MAC  respectively.  These  curves  were  obtained 
assuming  the  trimmer  was  fully  deflectod  at  lift  coefficients  above 
.40  and  was  faired  below  Cl  * *40. 

The  variation  ia  stable  and  linear  up  to  maximum  elevon  deflections 
but  in  ezeess  of  the  requirements  of  Reference  4 over  the  low  speed 
flight  range.  This  is  not  considered  objectionable  since  the 
maximum  "g’s"  that  can  be  pulled  at  low  speeds  are  small  and  the 
corresponding  stick  forces  reasonable.  As  speed  Increases,  the 
stick  force  per  "g"  gradient  decreases  until  the  variation  is 
within  the  specified  limits  around  Mach  number  .40. 

8. 1.3. 1.4  Nose  ttheel  Llft-Cff  Character! atica 

Figure  15  shows  the  geometry  of  the  landing  gear  of  Model  TF4P-1 , 
which  ia  composed  of  two  main  wheels,  a noae  wheel  and  a tail  wheel. 
Touring  nose  wheel  lift  off  the  tail  wheel  contacts  the  ground 
before  the  noae  wheel  ia  off  and  must  be  compressed  before  further 
raising  of  the  nose  can  be  accomplished.  vigure  preeents  speed 
at  which  the  tail  wheel  will  compress  as  a function  of  gross  weight 
and  center  of  gravity  position. 

After  sufficient  force  has  been  applied  to  the  tail  wheel  to  start 
compression,  the  airplane  must  further  increase  speed  to  continue 
compression  of  the  tall  whepl  and  thus  raise  the  noae  wheel.  Nose 
wheel  lift-off  speeds  are  shown  in  'figure  17  as  a function  of  gross 
weight  and  center  of  gravity  position. 

For  a gross  weight  of  16821  lbs.,  the  maximum  forward  center  of 
gravity  for  which  the  nose  wheel  lift-off  requirements  of  Reference  K 
can  be  met  ia  23.83  MAC.  It  is  possible  that  under  certain  leading 
conditions  the  center  of  gravity  may  be  forward  of  23.83  MAC  for 
take-off.  This  ia  not  considered  to  bo  serious  for  the  following 
reason,  yor  land  take-off a,  the  maximum  ground  angle  that  can  be 
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obtained  during  take-off  is  14°.  The 

be  able  to  obtain  m angle  of  attack  of  14  a ?*\  t f ^321  lbs* 

for  take-off  at  that  attitude.  Assuming  a f°“  °Jt JrSl0J  ‘ * 

a center  of  gravity  position  of  22*  MAC,  and  an  angle  of  attack  of 
J Z sp.5  for  take-off  1-  UX  knot..  Fx.mln.tlon  °f 

.ho™  that  under  the  earn.  condlUon.,  th.  ■ »«  “«,d 
at  100  knots,  or  .90  times  the  minimum  take-off  ageed.  The  di* 
cussion  in  this  section  assumes  the  elevone  up  15  , and  the  trim 

up  30°. 

3. 1.3. 1.5  Effect  of  Extending  gear,  Slats,  and  Dive  Brakes  on 
Longitudinal  Til  in 

Due  to  the  design  of  the  synthetic  force  f. eel  system, 
stick  force  that  Accompany  variations  in  airplane  ,ra 

unusually  small.  Changes  in  eleven  position  and  stick  force  re 
quired  for  trim  when  the  gear  and  slats  are  extend  order  of 

Figure  18  . The  maximum  change  in  stick  force  is  of  the  order  of 

one  pound* 

Extension  of  the  dive  brekes  produces  an  aerodynamically 
Sange  in  the  airplane  configuration.  Trim  changes  due  to  extending 
the  brakes  are  essentially  zero  as  shown  by  the  pitching  moment 
versus  lift  curves  of  Figure  19  . 

8. 1,3. 2 Emergency  Control  Configurations 

81321  Characteristics  Obtained  During  Change-Cver  from  ^ower 
to  Manual  Operation  of  the  Control  Eurfacea 

8. 1.3. 2. 1.1  General  Characteristics  of  the  Change-Over  System 

During  power  operation  of  the  control  surfaces,  the  inboard  and 
o^b^Ld  surfaces  are  interconnected  by  a locking  mechanism  held 
in  £lace  by  the  control  system  hydraulic  pressure.  If  V***™**® 
failure  occurs  during  periods  when  excessive  eleven  hinge  moments 

prevents1  the  ^es^’holding  the  locking  mechanism  1.  place  from 
being  relieved  unless  the  aerodynamic  hinge  moment  oT 

relieved  The  system  is  so  designed  that  under  thie 

condition,  the  pilot  is  incapable  of  moving  the  cont 
oe.lnst  the  aerodynamic  hlnee  moment  hot  cen,  If  he  wishes  «o 
£“  .wi  surface,  toward  their  trail  position  to  reduce  the 
_ , . If  no  control  stick  movement  toward  the 

ei»3on  trail  position  ia  made  by  the  pilot,  the  control  8VU\^®®®8 
will  remain  at  the  position  occupied  at  the  time  of  power  failu  . 

The  pressure  holding  the  eleven  interconnecting  mechanism  in 
place  is  a function  of  elevon  hlnre  moment.  As  scon  as  the  hinge 
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moment  acting  on  the  elevon  is  reduced  to  a value  of  64  ft-lbs., 
a spring  in  the  interconnecting  mechanism  overcomes  the  pressure 
of  the  trapped  hydraulic  fluid  and  effectively  pulls  the  pin 
holding  the  inboard  and  outboard  elevons  together.  This  action 
allows  the  inboard  elevons  to  float  free  and  the  pilot  is 
connected  to  the  outboard  surfaces  only. 

The  simulated  force  feel  device  is  disconnected  at  the  time  of 
hydraulic  power  failure,  ’.tfhen  this  happens  the  stick  will  slip 
3/8  of  an  incty, corresponding  to  the  hydraulic  servo  valve 
travel,  thus  advising  the  pilot  of  the  failure. 

If  the  hinge  moment  acting  on  the  elevons  is  below  64  ft-lbs. 
at  the  time  of  hydraulic  failure,  change-over  will  take  place 
immediately  and  will  manifest  itself  to  the  pilot  by  a force  of 
less  than  35  pounds  to  keep  the  airplane  in  trim. 

8. 1.3*2. 1.2  Methods  of  Affecting  Change-Over  luring  High  Elevon 
Hinge  Moment  Conditions 

Since  the  change-over  sequence  is  entirely  automatic,  it  is  ex- 
pected that  a minimum  of  pilot  procedure  will  be  required.  How- 
ever, the  actions  of  the  pilot  immediately  following  hydraulic 
failure  will  influence  the  final  force  required  to  trim  the 
airplane  at  a constant  attitude. 

Reduction  of  hinge  moment  may  be  accomplished  in  two  ways;  by 
moving  the  elevons  towards  trail  position,  or  by  slowing  ths 
airplane  until  the  reduced  dynamic  pressure  lowers  the  elevon 
hlnre  moments. 

Moving  the  elevons  toward  trail  position  can  be  done  without 
keeping  the  airplane  in  trim  by  simply  moving  the  stick  in  th© 
proper  direction.  .Then  change-over  occurs,  an  initial  change  in 
stick  force  of  35  pounds  will  be  felt,  but  retrimming  the 
airplane  will  either  require  increased  stick  forces  or  position- 
ing the  trimmer  flap  located  inhoard  of  the  elevons.  The  air- 
plane may  be  kept  trimmed  during  change-over  by  alowly  position- 
ing the  trinvner  flap  and  at  the  same  time  moving  the  stick 
toward  elevon  trail  position  at  the  rate  required  to  prevent  a 
change  in  attitude.  'lien  chenge-over  occurs  using  this  pro- 
cedure, the  35  pounds  initial  change  in  force  will  trim  the 
airplane  and  large  changes  in  airplane  attitude  are  unlikely. 

Under  some  conditions,  it  may  be  desirable  to  make  the  change- 
over by  cutting  power  to  reduce  airspeed,  when  dynamic  pressure 
becomes  low  enough  to  i*educe  the  elevon  hinge  moments  below 
64  ft-lbs. „ change-over  will  take  place. 

8.1. 3*2.2  Maximum  Lift  Character! at ice 

During  emergenoy  control  operating  conditions,  primary  pitch  control 
is  obtained  from  the  outboard  elevons,  which  are  directly  controlled 
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by  the  pilot,  plus  the  floating  action  of  the  inboard  elevone. 
Additional  control  may  be  obtained  by  placing  the  trimmers  in 
various  up  positions. 


Obviously,  ms  imuo  trimmed  lift  is  obtained  with  the  outboard 
elevons  and  tr  .miners  fully  deflected.  This  condition  will  only 
be  approached  in  flight  because  the  trimmers  serve  as  a stick 
force  trimmer  when  cn  manual  control  and  its  position  will  be 
limited  to  settings  which  give  reasonable  stick  forces,  Tull 
deflection  of  the  trimmers  produces  an  unstable  stick  force 
versus  speed  gradient  near  the  stall,  as  shown  in  figure  20  , 
while  intermediate  trimmer  settings  result  in  stability  in  this 
flight  region  , (see  Figure  21), 


It  follows  that  for  a given  center  of  gravity  position,  the 
minimum  speed  to  which  the  airplane  can  be  trimmed  under  emergency 
conditions  will  be  dependent  on  the  amount  of  stick  free  stability 
desired  by  the  pilot. 


( \ 


i 


8. 1.3. 2,3  Effect  of  Center  of  Gravity  Fosltion  on  Trimmer 
Position  and  Stick  Forces  Required  for  Landing 

Curves  of  stick  force,  outboard  and  inboard  elevon  angles,  and 
trimmer  angle  versus  indicated  airspeed  are  shown  for  two  center 
of  gravity  positions  in  Figure  21  . The  trimmer  has  been  set  so 
the  stick  forces  at  1,4  VB«tall  are  zero. 

As  the  C,C,  moves  forward,  jiiore  up  trimmer  ie  required  to  balance 
the  increased  negative  pitching  moment  if  the  zero  stick  force 
speed  is  to  remain  constant.  Stick  free  stability  is  increased 
during  a forward  center  of  gravity  movement,  but  the  minimum 
trim  speed  ie  slightly  decreased. 

Stick  free  stability  appears  to  be  satisfactory  for  the  antici- 
pated center  of  gravity  range.  Although  the  stick  force  versus 
speed  gradient  reverses  near  maximum  lift  for  aft  center  of 
gravities,  the  force  itself  never  approaches  zero.  Should 
the  trimmer  angle  be  increased  over  that  required  for  trim  at 
1.4  Vgtaili  unstable  stick  forces  will  result  for  aft  center 
of  gravities . 

If  the  slat  operating  mechanism  becomes  inoperative,  the  floating 
angle  of  thfe  outboard  elevone  is  changed  in  such  a manner  as 
to  "reduce  stick  free  stability  below  the  speed  at  which  the  slats 
normally  extend,  Ftability  is  further  decreased  as  the  center 
of  gravity  moves  aft,  and  at  the  aft  center  of  gravity  of  25^  MAC 
a condition  of  neutral  stability  appears  to  exist.  These  character- 
istics are  shown  in  Figure  22  . 

Trimmer  position  required  for  zero  stick  force  over  the  low  speed 
flight  range  ie  shown  in  Figure  23* 
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8.1. 3.2.4  Stick  Force  Characteristics  During  Accelerated  Flight 

Figures  24  and  25  present  curvos  of  outer  elevon  angle  and  stick 
force  versus  load  factor  for  several  indicated  airspeed*.  These 
values  were  calculated  with  the  trimmer  set  to  give  zero  stick 
force  during  level  flight. 

Examination  of  Figure  24  reveals  the  atick  force  per  "g"  gradient 
to  be  unstable  at  very  low  speeds  with  the  C.O.  at  25^  MAC.  As 
speed  increases,  the  instability  decreases  until  at  130  knots, 
pull  forces  are  required  to  produce  and  hold  a positive  change  in 
load  factor.  The  instability  noted  is  considered  tolerable  be- 
cause it  occurs  over  a very  limited  flight  range  and  the  magni- 
tudes of  the  forces  required  are  reasonable. 

Moving  the  center  of  gravity  forward  decreases  the  range  of  flight 
over  which  instability  occurs,.  Figure  25  shows  the  stick  force 
per  "g"  gradient  to  be  stable  at  all  speeds  down  to  che  minimum. 

Under  emergency  control  operating  conditions,  maneuvering  stability 
is  unavoidably  high.  At  speeds  above  200  knots,  all  but  routine 
maneuvering  will  require  actuation  of  the  trimmer  to  reduce  stick 
forces  to  within  the  pilotfs  capabilities. 

8.2  Directional  Characteristics 


8.2.1  Static  Directional  Stability 

The  atatic  directional  stability  parameter,  Cnpf  is  plotted  as  a function 
of  lift  coefficient  in  Figure  26  . Stability  is  positive  at  all  speeds 
for  normal  operation,  increasing  from  a value  of  .0011  at  zero  lift  to 
.00193  at  CL  - .85.  If  the  airplane  is  flown  with  the  slats  retracted  at 
lift  coefficients  above  .60,  stability  decreases  rapidly  as  lift  co- 
efficient increases  and  becomes  neutral  at  Cj  ■ *855. 

Although  Cru  is  somewhat  lower  than  the  estimated  values  given  in 
Reference  3 , no  adverse  results  are  anticipated,  damping  of  "dutch- 

roll"  oscillations  has  always  been  marginal,  and  Reference  3 points  out 
that  an  automatic  yaw-damping  system  is  to  be  installed  in  the  airplane* 
As  subsequent  discussion  will  show,  the  net  results  are  improved  lateral- 
directional  oscillatory  characteristics  and  improved  directional  control. 

Directional  stability  of  the  airplane  is  sufficient  to  restrict  adverse 
yaw  due  to  lateral  elevon  deflection  to  well  within  the  limits  specified 
by  Reference  4 . Characteristic  time  histories  of  airplane  motion  in 

rudder  fixed  rolls  are  presented  in  Figures  27 *28, 29  and  30  tov  several 
lift  coefficients  at  eea  level.  From  these  time  histories,  maximum 
sideslip  angles  due  to  adverse  yaw  have  been  plotted  and  thSir  relation 
to  the  maximum  allowable  is  shown  in  Figure  31  • 
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Rudder  floating  tendency'is  estimated  to  be  negligible,  thus  insuring 
rudder-free  characteristics  comparable  with  rudder  fixed  estimates. 

Trim  for  level  flight  at  zero  side  slip  will  be  satisfactory  since  there 
are  no  asymmetric  power  effects. 

3.2.2  Description  of  Dutch  Poll  Damping  System 

References  5 and  6 indicated  damping  of  the  lateral-directional  oscil- 
lation was  marginal.  Further  analysis  of  the  problem,  Reference  3 showed 
that  it  is  impossible  to  materially  improve  the  damping  characteristics 
by  changing  the  airplane  configuration  and  that  addition  of  artificial 
damping  appeared  to  be  the  logical  solution. 

A yaw  damper  consisting  of  a rate-gyro  sensitive  to  rate  of  yaw  and  a 
eervo-eystem  controlling  rudder  motion  is  to  be  inetalled  in  the  XF4D-1 
to  improve  lateral-directional  damping.  The  basic  relationship  between 
the  rate-gyro  and  the  servo-mechanism  wh<ch  receives  its  signal  is  that 
one  degree  rate  of  yaw  will  excite  one  degree  of  rudder  to  oppose  the 
yaw. 

The  characteristics  of  the  artificial  damping  system  are  non-linear  as 
a result  of  power  limitations  of  the  servo  system,  static  friction  and 
non-linearities  inherent  in  the  servo  system.  These  considerations  will 
influence  effectiveness  of  the  yaw  damper,  and  their  effects  are  now  in 
the  process  of  determination. 

To  prevent  the  system  from  damping  intentional  turns,  a force  link 
sensitive  to  rudder  pedal  force  imparts  a signal  to  the  servo-mechanism 
that  cancels  the  signal  output  frem  the  rate-gyro  during  manuevera  in- 
volving a change  of  azimuth.  In  this  respect  the  XF4D-1  will  differ 
from  conventional  airplanes  in  that  a rudder  pedal  force  proportional 
to  rate  of  yaw  must  be  applied  to  maintain  steady  turns. 

Characteristics  of  the  actual  system  to  be  installed  in  the  airplane  will 
be  presented  in  Reference  7 , to  be  published  soon. 

8.2.3  Dynamic  Lateral-Directional  Characteristics 

Damning  chare cteri sties  of  Mod^l  XF4D-1  are  shown  in  Figure  32  for  several 
lift  coefficients  at  various  altitudes.  A summary  of  the  mass  and  aero- 
dynamic parametera  used  in  the  calculations  is  given  in  Table  4 . 

The*  solid  lines  of  figure  32  represent  damping  characteristics  of  the 
airplane  with  tkc  artificial  damping.  Calculations  of  these  points  were 
made  using  the  latest  wind  tunnel  dat^  of  Reference  1 . The  relation 
between  period  of  the  oscillation  and  time  to  damp  to  one-half  amplitude 
is  seen  to  be  marginal  et  sea  level  and  tends  toward  unsatisfactory  a* 
altitude  increases. 
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TABLE  4 


SOWARY  OF  PARAMETERS  USED  IN 

DYNAMIC  IATFRAL 

-DIRECTIONAL 

STABJIITY  CAICUIATICN  - NO  ARTIFICIAL  rAiriNG 

Altitude 

Sea  Level 

CL 

.550 

.275 

.150 

.071 

V,  F VS 

223.3 

315.8 

427.5 

621.5 

b/ 2V 

.0751 

.05303 

.03918 

.02695 

2b/</v 

3.529 

2.495 

1.843 

1.268 

n , 

-.01470 

-.01390 

-.00768 

-.00528 

cny 

-.00119 

-.00035 

.000110 

.000455 

°Y0 

.02254 

.00559 

,00072 

-.00103 

CA|‘r 

.01C16 

.00453 

.00245 

.00130 

% 

-.00620 

-.00473 

-.00350 

-.00242 

% 

.00805 

.00994 

.00801 

.00568 

C//3 

-.1300 

-.0791 

-.0527 

-.0356 

°nft 

.0831 

.0693 

.0653 

.0630 

% 

-.338 

-.338 

-.338 

-.338 

lx 

.01183 

.00526 

.00279 

.00131 

lx 

.03792 

.01962 

.01078 

.co  512 

1*2 

-.00695 

-.00174 

-.00051 

1 - . . 

-.00010 

PERFECT  RATE 

GYRO 

All.  rARAK®TEP? 

Pt\Vy  A.F  M?0V? 

: pyCFT'T  THOS^  VFPFCTFT*  PY 

RUDDER  DPTI-FCTIOr 

u-Pnv-i  C Yj*. , 

CL 

.550 

| .275 

.150 

.071 

CA't 

.00701 

.OQ797 

.00892 

.00966 

Ca.j. 

-.05600 

-.05633 

-.05790 

-.05772 

°T* 

.09405 

.10324 

.10801 

.10988 
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TABLE  4 (Cont’d) 


NO  ARTIFICIAL  DAJTINQ 

Altitude 

20,000  Ft. 

Ct 

•J 

.550 

.275 

.150 

.071 

V,  FTD 

294.3 

416.3 

563.6 

819. 3 

b/2y 

.05691 

.04023 

.02971 

.02044 

5.027 

3.554 

2.625 

1.806 

% 

-.01115 

-.00789 

-.00582 

-.00401 

s 

-.000905 

-.000266 

.000083 

.000345 

.01710 

.00424 

.00055 

-, 00078 

CAfr 

.00771 

.00344 

.00186 

.00099 

-.00471 

-.00359 

-.00266 

-.001P4 

Cy  * 

.00611 

.00754 

.00607 

.00431 

c//5 

-.1300 

-,.0791 

-.0527 

-.0356 

Cn/3 

.0331 

.0693 

.0653 

.O63O 

% 

-.338 

-.338 

-.338 

-.338 

.01133 

.00526 

.00279 

.00131 

Tz 

.03792 

.01962 

.01078  ■ 

.00512 

-.00695 

-.00174 

-.00051 

- . 00010 

PERFECT  HATE 

OYRO 

All. 

SAKE  A2  \P0V“ 

FXCET71  THCEE  A 

EJECTED  BY 

FODDER  DEFLECTION , 

cYr;r' 

! 

j 

CL 

.550 

.275 

.150 

.071 

c4 

.00456 

.00688 

.00833 

.00935 

C-- 

-.05451 

-.05519 

-.05706 

-.05714 

®7lr 

CY,jr 

.09211 

.lob84 

.10607 

.10351  | 
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Estimates  of  the  effect  of  introducing  artificial  damping  have  been 
made  assuming  a perfect  rate-gyro  system.  Results  of  these  calculations 
are  represented  by  the  broken  lines  of  Figure  32  . Negligible  oscil- 
lation appears  to  be  present.  It  is  interesting  to  note  that  for  the 
case  of  the  airplane  with  no  artificial  damping,  damping  characteristics 
became  worse  as  speed  increases.  For  the  case  of  the  airplane  wit 
artificial  damping  the  reverse  is  true.  The  reason  for  this  reversed 
trend  is  obvious  when  the  damping  in  yaw  parameters,  C^Jf  , are  observed 
for  the  two  cases  in  Table  4 . Induced  damping  from  the  rudder  is  so 

large  that  at  high  speeds  the  oscillation  really  never  gets  started. 

The  yaw  damping  system  that  is  to  be  installed  in  the  FF4D-1  will 
produce  results  that  lie  between  the  two  cases  presented  here.  It  is 
believed  the  final  configuration  will  produce  entirely  satisfactory 
dynamic  lateral-directional  oscillatory  characteristics. 

8.2.4  Directional  Control 

8. 2.4.1  Side  Slip  Characteristics  and  Rudder  Tedal  Forces-Yaw  Damper 
Inoperativ 

Rudder  effectiveness  parameters  Cni  Cig  a*1*5  ^6-  ar®  Plott«d 
against  lift  coefficient  in  figure  53  . The  rate  St  change  of  yawing 
moment  coefficient  with  rudder  deflection  is  linear  over  the  complete 
flight  range  of  the  airplane  and  indicates  that  excellent  directional 
control  may  be  maintained  under  all  conditions. 

Figures  34  35  36  and  37  present  curves  of  steady  side  slip  angle,  ft, 
versus  angle  of  bank,  right  aileron  angle,  and  rudder  deflection  for 
angles  of  attack  of  C°,  10°,  15°,  »nd  20°  respectively.  These  curves 
were  cross  plotted  to  obtain  the  maximum  steady  side  slip  angle 
obtainable  and  associated  control  positions  for  various  angles  of 
attack,  as  shown  in  Figure  38  • 

The  maximum  side  slip  angle  at  1.1  V8taJ1  is  12.8°.  The  rudder  pedal 
force  required  for  the  case  of  the  airplane  with  no  yaw  damper  is 
57  pounds.  These  values  are  well  within  the  requirements  of  Reference  4 . 

Cross  wind  take-off  characteristics  are  shown  in  Figure  39  . Available 
side  slip  angles  and  associated  rudder  pedal  forces  meet  the  require- 
ments  of  Reference  -V  . 

*3#2.4.2  ride  Slip  Characteristics  and  Rudder  Tedal  ^orces-Yew  pamper 
Operating 

The  yaw  damper  and  rudder  pedal  force  link  are  being  designed  so  that 
their  addition  to  the  control  system  will  in  no  way  restrict  directional 
control.  Hence  the  same  angles  of  sideslip  presented  in  Section  8. 2.4.1 
will  be  obtainable  with  the  yaw  damper  installed. 
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Since  analyele  and  design  of  the  rate-gyro  and  rudder  pedal  force 
link  system  is  not  complete,  final  rudder  pedal  forces  for  \he  case 
where  the  system  is  in  operation  are  not  yet  determined.  However, 
design  of  the  force  link  is  proceeding  with  the  rudder  pedal  force 
requirements  of  Reference  4 in  mind.  Final  rudder  pedal  forces 
required  for  steady  turns  and  sideslips  will  be  presented  in  the 
forthcoming  Reference  7 . 

8.3  Lateral  Characteristics 

8.3*1  Dihedral  Effect 

The  static  lateral  stability  parameter,  , is  plotted  as  a function  of 

lift  coefficient  in  Figure  26  . C^^is  positive  over  the  entire  flight 
range  of  the  airplane  , increasing  from  a value  of  -.00038  at  zero  lift 
to  -.00275  at  * .850  and  satisfies  stick  fixed  dihedral  effect  re- 
quirements. 

Reference  4 states  that  positive  static  stick  free  dihedral  effect  shall 
exist  and  shall  be  evidenced  during  sideslips  by  aileron  deflection  and 
control  force  towards  the  leading  wing  being  required  to  depress  the 
leading  wing.  By  referring  to  Figure  36  it  may  be  seen  this  condition  is 
satisfied. 

Examination  of  Figures  27 ,28 ,29and  30  indicates  no  evidence  of  reversal 
in  rolling  velocity  due  to  dihedral  effect. 

8.3#?  Lateral  Control 

8.3.2.1  Normal  Control  Configuration 

The  effect  of  trimmer  on  rolling  characteristics  is  small.  Referring 
to  Figures  40  and  41  9 it  is  seen  that  trimmer  position  will  have  some 
effect  on  and  rolling  velocity  at  high  angles  of  attack,  but  none 
at  medium  l&d  low  angles  of  attack.  This  is  due  to  the  elicit  lose 
in  rolling  effectiveness  at  large  lateral  elevon  angles  that  are 
obtained  when  considerable  elevon  deflection  is  required  for  longi- 
tudinal trim,  (low  speeds). 

It  is  eeen  from  Figures  40  and  41  that  rolling  characteristics  are 
excellent;  being  considerably  in  excess  of  the  requirements  of 
Reference  4 «t  all  speeds  except  near  the  stalling  velocity.  At 

1.1  V8tan,  the  maximum  obtained  is  .07  whereas  .09  is  required 

to  meet  SR1.19-B.  ZV 

This  apparent  deficiency  is  not  considered  serious.  Comparison  of  the 
zero  sideslip  rolling  characteristics  of  the  XF4D-1  with  those  of  the 
XF3D-1,  an  airplane  considered  to  have  excellent  low  speed  lateral 
control,  shows  the  XF47V1  to  be  capable  of  a ^ of  ,175  with  full 
control  deflection  as  compared  to  .125  for  the  XF3D-1  under  the  same 
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condition.  The  apparent  loss  in  ^ of  .105  in  the  case  of  the 
is  due  to  K/3,  the  roll  reduction  factor  due  to  sideslip.  In  order  for 
the  full  effect  of  K/j  to  be  experienced,  it  is  estimated  that  at  least 
20°  of  sideslip  must  be  obtained  at  1.1  V It  is  further  believed 
that  low  sneed  rolls  executed  at  near  stalling  speeds  will  more  closely 
approximate  a zero  sideslip  condition  than  a rudder  fixed  condition. 

Under  this  assumption,  the  XF4D-1  should  have  as  good  or  better  late™1 
characteristic  at  low  speeds  than  those  obtained  on  the  pilot  accepted 
X73T'-1.  It  should  also  be  noted  that  whereas  the  7F3I>1  has  a maximum 
rolling  velocity  of  35°/ sec.  in  the  landing  condition,  the  XF4D-1  has 
almost  50°/sec  by  virtue  of  its  shorter  span. 

Lateral  stick  forces  obtained  during  fully  deflected  elevon  rolls  are 
plotted  on  Figures  40  and  41  . As  in  the  case  of  longitudinal  stick 
forces , lateral  forces  are  supplied  with  a synthetic  force  feel  system 
whose  outout  is  nronortional  to  elevon  deflection  and  dynamic  pressure. 
Ftick  forces  are  moderate  and  easily  meet  the  requirements  of  Reference  A- 

Estimated  loss  of  lateral  control  due  to  wing  twist  and  sideslip  is 
presented  in  Figures  42  and  43  in  terms  of  their  respective  reducoios, 
factors,  and  Kfl  . 

8. 3.2.2  Fmergency  Control  Configuration 

Luring  emergency  control  operation,  lateral  control  and  hinge  moment 
are  obtained  from  the  outboard  elevens  only.  Reference  4 requires 
that  a minimum  of  15°/soc  rate  of  roll  be  obtained  with  no  more  than 
30  pounds  stick  force,  figure  44  shows  stick  force  reruired  to  pro- 
duce a rate  of  roll  of  15°/sec,  and  the  rats  of  roll  obtained  from 
30  pounds  stick  force  is  plotted  on  Figure  45  . Examination  of  theee 

curves  reveals  that  the  requirements  of  Reference  4 are  not  satisfied. 

Using  the  same  argument  presented  in  faction  3. 3. 2.1,  the  xow  speed 
rolling  velocity  obtained  from  30  pounds  stick  force  can  be  increased 
from  approximately  10°/sec  to  25°/sec.  by  using  rudder  to  make  zero 
sideslip  rolls.  It  is  felt  the  latter  figure  will  more  nearly 
approximate  the  maximum  low  speed  rolling  velocity  available  under 
actual  flii^it  conditions.  Moreover,  two  independent  hydraulic  systems 
must  fail  before  it  becomes  necessary  to  use  the  manual  emergency 
system. 
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9.0  CONCLUSIONS  AND  RECOMMENDATIONS 


On  the  basis  of  the  analysis  of  Fart  I of  this  report,  it 
is  concluded  that  the  low  speed  flying  qualities  of  the 
XFAD-1  will  be  generally  satisfactory,  Although  in  several 
respects  they  appear  to  be  marginal.  To  insure  fully 
satisfactory  characteristics  of  the  prototype,  the  following 
recommendations  are  made. 

1.  The  center  of  gravity  should  not  exceed  22 % MAC 
maximum  forward  with  the  gear  extended,  and 
25%  MAC  maximum  aft  with  the  gear  retracted. 

2.  Marginal  dynamic  longitudinal  damping 
characteristics  should  be  recognised,  and 
provisions  made  for  introducing  artificial 
damping  into  the  longitudinal  control 
system  if  poqr  damping  is  verified  during 
flight  tests. 
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